Abstract." The 16S rRNA gene sequences for six strains of Bacillus sphaericus representing five distinct DNA homology groups and one strain of Bacillus fusiformis have been determined. An oligonucleotide probe based on the area approximately between position 186 and 198 (Escherichia coli numbering) of the 16S rRNA gene of the mosquito pathogen, strain 2362, hybridised to DNA from strains of DNA homology group IIA which contains all known mosquito pathogens and not to any of ten other Bacillus species. It can be used to identify potential mosquito-pathogenic strains of B. sphaericus in screening programmes.
Introduction
Bacillus sphaericus is a heterogeneous species defined largely by negative reactions in the traditional phenotypic tests used for Bacillus taxonomy [1] . In a comprehensive study, Krych et al. [2] showed that strains of this species could be assigned to five, clearly defined DNA homology groups and a subsequent numerical taxonomic analysis [3] confirmed this classification. B.
sphaericus sensu stricto is equated with DNA homology group I, but group II is of more inter- est because some strains in this taxon are toxic towards the larvae of certain mosquitoes and have applications in biological control [4] . All toxic strains have been classified in group IIA, and differ slightly from group IIB (B. fusiformis) strains in DNA sequence homology (average 60-70% homology) and in rRNA gene RFLPs [5] .
Group IIA strains generally constitute a small proportion of the colonies growing on the most efficient selective media used in screening programmes for mosquito-toxic B. sphaericus strains [6] . In this paper we report the complete 16S rRNA gene sequences for seven representative B. sphaericus strains and the development and testing of an oligonucleotide probe specific for the 16S rRNA genes of group IIA strains.
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Materials and Methods
Bacterial strains
The B. sphaericus strains used are described in Table 1 . All strains were grown on nutrient agar or in nutrient broth at 30°C. The Escherichia coli JM 109 used for transformation was kept on M9 medium plus thiamine (2 mg l-S), and for plasmid preparation was grown at 37°C in LB medium with 100 mg ml -~ of ampicillin.
DNA extraction and PCR amplification of the 16S rRNA gene
The cells from late exponential phase cultures were resuspended in TEN buffer (10 mM Tris-HCI, pH 7.6, 1 mM EDTA, 10 mM NaC1) and treated with lysozyme (10 mg ml-~) at 37°C for 30 min prior to lysis with 25% sodium dodecyl sulphate. Chromosomal DNA was extracted with phenol-chloroform and treated with RNAse and protease as described by Rodriguez and Tait [7] .
The complete 16S rRNA gene was amplified with two primers: 5'-GCGCAAGCTTAGAGTT-TGATCCTGGCTCAGGACG-3' and 5'-GCG-GA TCC TACCTTGTTACGACTTCACCCCAG-3'; underlined sequences are for HindIII and BamHI restriction sites, respectively. The reaction mixture consisted of 300 ng of DNA, 50 pmol of each primer, a final concentration of 125 mM for each dNTP (dATP, dCTP, dGTP, dTTP), 10 /xl of Taq polymerase buffer (×10) comprising 670 mM Tris, pH 8.8, and 20 mM MgC12, and sterile Millipure water to 100 /xl. The thermal Fig. 3 . (1) Laboratory collection (see [5] ). programme comprised 1 initial cycle of denaturation at 95°C for 6 min and then 1 unit of Taq polymerase (Promega Corporation) was added to each reaction mixture which was covered with 100 ~1 of light mineral oil. This was followed by 30 cycles of denaturation at 95°C for 1 min, annealing at 55°C for 1 rain and extension at 72°C for 3 min. An additional cycle comprising a 6-min extension at 72°C was included as a final step. The cycles were carried out in a Techne PCH-3 Dri-Block Thermal Cycler.
Cloning and sequencing of DNA
After removing the mineral oil the complete PCR products were precipitated with ethanol and electrophoresed in 0.8% agarose. The 1.5-kb fragments were removed and purified using the GENECLEAN II Kit (BIO 101 Inc.). The purified PCR products were double digested with HindlII and BamHI and ligated into pGEM3Zf(+/-) plasmids cloning vectors (Promega Corporation). The ligation reaction was carried out in 10/zl at room temperature overnight using 1 unit of T4 ligase (Boehringer Mannheim GmbH) in the presence of ATP, and a 5/zl volume of the ligation mixture was used for transformation into competent cells of E. coli JM 109.
The plasmid DNAs were purified (QIAGEN Inc.), and the double-stranded template sequenced using the 'Sequenase' Version 2.0 DNA Sequencing Kit from United States Biochemical Corporation. Each set of four sequencing reactions contained 0.5 /~1 of labelled nucleotide [a-35S]dATP equivalent to 10 /xCi ml -~ (Amersham). After the fixing stage, which comprised of immersing the gels in 10% (v/v) methanol and 10% (v/v) acetic acid, the gels were dried in a gel drier (BioRad) and then exposed to X-ray Hyperfilm /3 max (Amersham). The DNA clones were sequenced in both orientations with forward and reverse 16S rRNA sequencing primers ll00r, 926f, 943r, 704r, 357r [8] and USB (-40) reverse primer.
Sequence analyses and manipulations were performed with SEQAID II, version 3.81, Kansas State University, USA. Multiple alignments and phylogenetic trees were created with CLUSTAL V using the neighbor-joining method of Saitou and Nei [9] run on the SEQNET central computer at the SERC Laboratory, Daresbury, UK. The complete 16S rRNA gene sequences from the six B. sphaericus and one B. fusiformis strains were deposited in the GenBank database, IntelliGenetics Inc., CA (nucleotide sequence accession numbers L14010-L14016).
Labelling of probes
The chromosomal-DNA from B. sphaericus strain 2362, when used as a probe, was labelled with digoxigenin (DIG)-dUTP (Boehringer Mannhei.m GmbH) using random oligonucleotide primers [10, 11] . The 19 base oligonucleotide probe (5'-CCCTCATGGTGAAATAq~FG-3') was end-DIG-labelled by the supplier (OSWEL, University of Edinburgh).
Slot-blot hybridisation for identification of the oligonucleotide probe specificity
Slot-blots were prepared with approximately 1 mg of chromosomal DNA immobilised on nitrocellulose membranes using the Minifold II system (Schleicher and Schuell). Filters were probed with the DIG-labelled chromosomal DNA probe or oligonucleotide probe at 62°C for 10 h and 32°C for 2.5 h, respectively. Filters were washed with low stringency (2 x SSC; 0.1% w/v SDS at room temperature) and high stringency (0.1 X SSC; 0.1% w/v SDS at 62°C for the chromosomal probe and 32°C for the oligonucleotide probe) washes and the bound DNA detected using the Boehringer Mannheim detection kit, which is based on an alkaline-phosphatase-conjugated antibody reaction. The colour development was carried out at 37°C for 20-30 min. IIB) have been published previously [12] and showed some discrepancies with our sequences around positions 200 to 233 of strain ATCC 14577
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and 210 to 233 of strain ATCC 7055 (E. coli numbering). In order to determine the phylogenetic position of these strains, the sequences were analysed in relation to selected sequences from the study by Ash et al. [12] . B. sphaericus sensu stricto (DNA group I) was most closely related to B.
fusiformis (DNA group IIB) and the mosquitopathogenic strains (DNA group IIA) formed a separate lineage (Fig. 1.) . Surprisingly the DNA group III strain was excluded from the B. sphaeri- These results confirm the heterogeneity of strains currently assigned to B. sphaericus, substantiate the independence of B. fusiforrnis and indicate that the remaining homology groups (IIA, III, IV and V) should be raised to species status. In particular, the insect pathogens comprise an independent phylogenetic lineage distinct from the other round-spored bacilli and from group liB. However, the lack of reliable diagnostic phenotypic features remains problematic [2, 3] and precludes nomenclatural changes at this stage. The position of strain NRS 592 (DNA group III) was surprising since it is more closely related to the psychrophilic branch of the group than the B. sphaericus branch but it is physiologically more similar to B. sphaericus.
An oligonucleotide probe for DNA homology group IIA
The rRNA gene sequences of the strains examined here were highly similar but an area between 186 and 198 (E. coli numbering) showed sequence heterogeneity and was targeted using a 19 base oligonucleotide probe (Fig. 2) . This probe was hybridised with DNA from various B. sphaericus strains either selected from our laboratory collection (strains from sources 1, 2, 4, see Table  1 ) or picked randomly from selective isolation plates (strains from Jordan). It reacted strongly with DNA from the reference strain of group IIA (2362) but not with reference strains from any other B. sphaericus DNA homology group nor other bacilli from our laboratory collection (Fig.  3b) . Moreover, it hybridised only with group IIA strains from our collection and with none of the non-IIA strains which were chosen randomly from selective isolation plates. All strains which hybridised strongly to the probe produced a rRNA RFLP pattern typical of group IIA strains (Aquino de Muro and Priest, unpublished). For comparative purposes, chromosomal DNA from strain 2362 (group IIA) was labelled and used as a probe for the identification of the same set of strains (Fig. 3a) . This approach gave similar resuits to the oligonucleotide probe but gave poorer resolution for the group lib strain (ATCC 7055), which was expected since these bacteria share 60-70% homology with group IIA strains [2] , and false positive reaction with an isolate from Jordan (strain 20/1). The oligonucletide probe therefore has high specificity for group IIA strains. Although we have not tested this probe extensively against Bacillus from the other phylogenetic groups, it did not hybridise with the few examples of groups 1, 3, 4 and 5 examined (Fig. 3b) and, given the wide divergence of these taxa, it seems unlikely that it would hybridise with other species from these groups. The failure of the probe to by-210 bridise with numerous strains of round-spored Bacillus chosen at random from selective isolation plates, shows that this probe will be invaluable for the rapid detection of potential mosquitopathogens of group IIA in screening programmes.
